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The ‘Famous’ CSR EquationThe ‘Famous’ CSR Equation
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Two possible knobs for CSR production:Two possible knobs for CSR production:
•• Shortening the BunchesShortening the Bunches
•• ‘Distorting’ the Bunches‘Distorting’ the Bunches
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Steady CSR Emission at BESSY IISteady CSR Emission at BESSY II

M. Abo-Bakr et al., Steady-State Far-Infrared Coherent Synchrotron 
Radiation detected at BESSY II, Phys. Rev. Lett. 88, 254801 (2002)

Low momentum compaction: Low momentum compaction: ααCC ~ 10~ 10--6 6 ÷ ÷ 1010--55

CSR observed up to wavenumbers of CSR observed up to wavenumbers of ~ 50 cm~ 50 cm--11 ((λλ = 200 = 200 µµm)m)

CSR seems to be generated by nonCSR seems to be generated by non--gaussiangaussian bunchesbunches

Measured bunch length: Measured bunch length: σσzz ~ 1 ~ 1 ÷ ÷ 1.5 mm1.5 mm
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BESSY II StreakBESSY II Streak
Camera MeasurementsCamera Measurements

MomentDistrOrderrd .3

Rms length

Synchronous 
Phase

Minimum effective 
momentum compaction~ 2 ~ 2 µµA/bunchA/bunch

RF Freq. Variation
CSR

Region

MomentDistrOrderth .4



CSR Workshop @ NapaCSR Workshop @ Napa
October 28, 2002October 28, 2002

Fernando Sannibale

WakefieldsWakefields::

CSR ImpedanceCSR Impedance

Vacuum Chamber Impedance Vacuum Chamber Impedance 

Requires some current Requires some current 
to be effectiveto be effective

NonNon--linearities in the linearities in the 
longitudinal dynamics:longitudinal dynamics:

RF nonRF non--linearities linearities 

Lattice nonLattice non--linearitieslinearities

Requires only a finite Requires only a finite 
momentum spread valuemomentum spread value

And/OrAnd/Or

Possible Distorting KnobsPossible Distorting Knobs

(not included in this talk) (not included in this talk) 
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Lattice NonLattice Non--LinearitiesLinearities

22--D simulations of the longitudinal dynamics D simulations of the longitudinal dynamics 
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Measurement of theMeasurement of the
Momentum CompactionMomentum Compaction
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Momentum Compaction TermsMomentum Compaction Terms
Evaluated by CodesEvaluated by Codes

Codes that allow using Differential Algebra (DA):Codes that allow using Differential Algebra (DA):

-- Polymorphic Tracking Code (PTC)Polymorphic Tracking Code (PTC)

-- COSYCOSY--InfinityInfinity
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BESSY II Case Phase SpaceBESSY II Case Phase Space
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A Particular CaseA Particular Case
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SR Energy Losses EffectSR Energy Losses Effect

The SR energy losses break the symmetry of the phase plane.The SR energy losses break the symmetry of the phase plane.
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Two Energy Buckets SimulationTwo Energy Buckets Simulation

The distribution is AsymmetricThe distribution is Asymmetric
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Simulation of the BESSY II ResultsSimulation of the BESSY II Results

Minimum Effective AlphaMinimum Effective Alpha
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BESSY II StreakBESSY II Streak
Camera MeasurementsCamera Measurements
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CSR Factor:CSR Factor:
Linear & NonLinear & Non--linear Caseslinear Cases
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Relative Energy Deviation and Relative Energy Deviation and 
Synchronous PhaseSynchronous Phase
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A Simple Model for the CSR A Simple Model for the CSR 
ImpedanceImpedance
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ρ CSR Impedance for the Free SpaceCSR Impedance for the Free Space

HaissinskiHaissinski EquationEquation

K. Bane, S. K. Bane, S. KrinskyKrinsky, J.B. Murphy, , J.B. Murphy, MicrobunchesMicrobunches Workshop, Workshop, Upton NY 1995Upton NY 1995
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A Numerical Solution for TheA Numerical Solution for The
Equilibrium DistributionEquilibrium Distribution
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And From the Distribution...And From the Distribution...
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Simulation of the BESSY II ResultsSimulation of the BESSY II Results
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BESSY II StreakBESSY II Streak
Camera MeasurementsCamera Measurements
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BESSY II CSR Spectra MeasurementBESSY II CSR Spectra Measurement

@ 20 cm@ 20 cm--11 and 40 and 40 µµAA

PPCSRCSR/P/PSRSR ~ 1.7  10~ 1.7  1044
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CSR Form Factor ValueCSR Form Factor Value
for BESSY II Casefor BESSY II Case
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A Unique SolutionA Unique Solution
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Simulation of the BESSY II ResultsSimulation of the BESSY II Results
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Final ConsiderationsFinal Considerations

A simple model for the CSR impedance allows to qualitativelyA simple model for the CSR impedance allows to qualitatively
explain most of the features of the BESSY II Resultsexplain most of the features of the BESSY II Results

Still to be investigated:Still to be investigated:
CSR induced InstabilitiesCSR induced Instabilities

Effects of the energy dependent terms of the momentum compactionEffects of the energy dependent terms of the momentum compaction
Effects of the vacuum chamber: cutEffects of the vacuum chamber: cut--off and impedanceoff and impedance

The results indicate that the CSR The results indicate that the CSR wakefieldwakefield plays a fundamental role plays a fundamental role 

The distortion due to lattice nonThe distortion due to lattice non--linearitieslinearities is not sufficientis not sufficient
to justify the CSR emission in the case of BESSY II.to justify the CSR emission in the case of BESSY II.

The numerical results of the simulations areThe numerical results of the simulations are
not so far from the measured valuesnot so far from the measured values
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